At 8 and 11 weeks after sowing, leaf length and width, and fresh and dry weights of the shoots and roots of 12 plants per treatment were determined. All treatments were replicated five times (15 trays per treatment).
When the seedlings reached the three-pair true-leaf stage, 15 seedlings from each treatment were randomly lifted and transplanted into a plastic container (53 cm long, 33 cm wide, 19 cm high) filled with 1 sandy loam : 1 bark (by volume). For each container, 10 g of a granular fertilizer (6N-40P-6K) was mixed with the medium. Each of the four treatments was replicated four times.
Date of first flowering of each plant was recorded. At anthesis of the third flower, 15 plants per treatment were harvested. Cut-flower quality, as measured by number of leaves, leaf length and width, shoot length, stem diameter, cut-flower weight, and flower number, were evaluated.
A completely randomized design was used and data were analyzed by analysis of variance, using Duncan's new multiple range test at P ≤ 0.05 for mean separation.
Results and Discussion
At 8 weeks after sowing, growth of leaves at the first and second node was remarkably promoted by the chitosan soil treatment mixture (Table 1) , and leaves of the third node had expanded, whereas no leaves appeared in the other treatments. The seed treatment had no effect at 8 weeks. At 11 weeks after sowing, leaves of the fourth node had expanded only in the chitosan-treated soil mixture. At 8 and 11 weeks after sowing, fresh and dry weights of shoot and root were remarkably increased by soil treatment with chitosan. Seed treatment with lactic acid had some promotive effect, but chitosan did not.
Soil treatment with chitosan hastened flowering ≈15 d, whereas treatment of seeds with lactic acid, with or without chitosan, hastened it only 2 to 4 d (Table 2) . At flowering, plants grown in chitosan-treated soil had about two more leaves than did plants in other treatments. Leaf length and width at the fifth node of plants grown in soil treated with chitosan were greater than those of plants in the other treatments. Shoots were also longer by ≈15 cm, while stem diameter did not differ among the treatments. Thus, chitosan soil treatment
The growth of Eustoma grandiflorum seedlings is very slow, requiring 50 to 140 d from germination to transplanting (Harbaugh, 1995; Matsuo and Shirasaki, 1990; Tsukada et al., 1991a Tsukada et al., , 1991b . Acceleration of seedling growth would greatly improve cut-flower production in Eustoma grandiflorum. However, temperatures between 10 and 20 °C during the seedling stage proved ineffective for growth promotion (Tsukada et al., 1982) .
Chitosan, obtained by deacetylation of chitin, promotes shoot and root growth in Daikon radish (Raphanus sativus L.) (Tsugita et al., 1993) , and hastens flowering time and increases flower number in passionfruit (Passiflora edulis Sims) (Utsunomiya and Kinai, 1994) . Chitosan promotes growth of cabbage (Brassica oleracea L. var. capitata L.) callus in vitro (Hirano, 1988) , and chitinoligosaccharide increases the chitinase activity of rice (Shibuya et al., 1996) . The objective of this study was to determine the influence of chitosan on seedling growth and flowering in Eustoma grandiflorum and to examine the feasibility of using the chemical poly-(1→4)-β-D-glucoseamine for cut-flower production.
Materials and Methods

Seeds of E. grandiflorum 'Kairyou
Wakamurasaki' were soaked for 1 h in 0.1% chitosan (Sigma, St. Louis) dissolved in 0.25% lactic acid, and then air-dried. The chitosan had been previously ground to a fine powder in an electrical mill. Both seeds coated with 0.25% lactic acid alone and nontreated seeds were used as controls. For the soil treatment, 1.0% chitosan (by weight) was mixed with a sandy loam soil contained in 72-hole polystyrene foam trays. About 10 seeds were used in each cell (32-mm diameter, 50 mm deep), and three trays were used for each treatment. The trays were placed at 25 °C day/18 °C night in natural daylight in a greenhouse. Starting 2 weeks after germination, the seedlings were watered daily and fertilized weekly with 300 mg·L -1 N, using 15N-8P-17K water-soluble fertilizer. The seedlings were thinned to two per cell at the two-pair leaf stage.
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